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ERRONEOUS MEASUREMXNTS 9RANSMITTED BY TELEMETRY 

STATEMENT 

Erroneous da t a  were transmitted by 60 of t h e  1 sample-per-second 
telemetry channels f o r  a 2-minute period beginning a t  about 191 hours 
40 minutes. 

i 

\ 

SYSTEM DESCRIPTION 

The telemetry system i s  o f  t h e  pulse-code-modulation type and includes 
a programmer, an analog multiplexer, an analog-to-digital converter, a 
d i g i t a l  multiplexer,  an outptit s h i f t  r e g i s t e r ,  and associated power sup- 
p l i e s  ( f i g .  1). 

The programmer provides primary cont ro l  f o r  t h e  system which operates  
i n  e i t h e r  a high-bit-rate ( 5 1  200 b i t s  per second) format o r  a low-bit- 
rate (1600 b i t s  per  second) format. The programmer suppl ies  timing and 
c o n t r o l  commands f o r  a l l  data-carryir,g components, including the  commands 
which cause t h e  analog multiplexer t o  sequent ia l ly  sample the  analog in- 
put channels. 

The multiplexer is m a d e  up of f i v e  sub-multiplexers, each of  wkich 
samples i t s  assigned channels a t  a d i f f e ren t  r a t e .  These sample rates 
are 1, 1 0 ,  50,  100, and 200 samples per second. Each sub-n7Atiplexer 
i s  arranged as a l o g i c  matrix ( f i g .  2 ) ,  wherein each measurement input 
is  sequent ia l ly  sampled by the simultaneous appl ica t ion  of a row and a 
column command t o  t h e  matrix. Each measurement input sample suppl ies  a 
voltage pulse having an amplitude proportional t o  the  measurement value, 
and t h i s  pulse i s  t r a n s m i t t e d  t o  t h e  analog-to-digital converter. The 
pulse  amplitude i s  encoded in to  a d i g i t a l  word which is  transmitted t o  
t h e  d i g i t a l  multiplexer f o r  in te r leaving  i n t o  t h e  data-bit stream by t h e  
output s h i f t  r e g i s t e r .  

The telemetry system operates on a one-second duty cycle ,  with each 
duty cyc le  composed o f  50 prime frames, each o f  which contain 128 words. 
Words 52, 84, and 116 o f  each 128-word prime frame a r e  assigned as 1 
sample-per-second da ta  loca t ions .  Therefore, i n  50 prime frames (one 
duty cyc le)  t h e r e  a r e  150 one-sample-per-second da ta  loca t ions ,  and 
these  are in te r leaved  i n t o  the  data b i t  stream. The order of sequen- 
c ing  t h e  1 sample-per-second inputs  i s  shown i n  f igure  2. 
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MA10 MA11 h G l 2  MA13 MA14 MA15 MA16 MA17 MA18 hH19 

Column commands 
from programmer 

1 

Second 

MlO hll MA12 A 1 3  Mk14 MA15 V i 1 6  h 1 7  h l S  hi419 

' 

Third 

W l O M A l l  MA12 MA13 MA14 MA15 MA16 MA17 MA18 MA19 

- Analog 
m ul t iplexer 
outputs 
to 
analog - to- 
digital 
converter 

Figure 2. - Logic scheme of the one samplelsecond analog sub-multiplexer. 
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Prograrmner t iming i s  provided by a 512-kHz s igna l  f r o m t h e  spacecraf t  
- cen t r a l  t iming equipment. I f  t h e  cen t r a l  t h i n g  equipment s igna l  i s  not 
present ,  t h e  programmer w i l l  automatically switch t o  an i n t e r n a l  t iming 
o s c i l l a t o r .  

. The 5l2-kHz s igna l  i s  counted down i n  one of two redundant programmer 
binary counters.  The outputs from the  various counter s tages  produce dif-  
ferent  time-based pAlae t r a i n s  t h a t  a r e  supplied t o  diode log ic  where the  
programmer t iming commands a re  generated. The counter is  allowed t o  count 
f o r  one second, then r e s e t s  t o  zero,  and starts counting again. 

Both programmer counters ( f i g .  1) may provide i d e n t i c a l  pulse- t ra in  
inputs  t o  t h e  diode log ic .  However, only one programmer i s  powered a t  any 
given t i m e ,  and t h e  de-energized programmer counter does not a f f e c t  t h e  
log ic .  

The programmer counter suppl ies  a pulse t o  increment t h e  prime frame 
counter every 1/50 second ( f i g .  3) .  
t h e  frame count accumulated i n  t h e  prime-frame counter i s  supplied t o  t h e  
d i g i t a l  multiplexer f o r  in te r leaving  i n  the  data-bit  stream. When the  
programmer counter i s  r e s e t  t o  zero, t h e  last s tage  of  t he  p r o g r m e r  
counter r e s e t s  t he  prime-frame counter t o  zero ( f i g .  3). 
count i s  used f o r  synchronization purposes i n  the  ground s t a t i o n  data- 
reduction equipment. 

A t  the beginning of each prime frame, 

The prime-frame 

The programmer power supply appl ies  power t o  programmer-counter A 
wfien system pover is  applied.  
i s  monitored by f a i l u r e  detect ion c i r c u i t r y  ( f i g .  3) so t h a t  i f  t he  last  
s tage o f  counter A switches i n  l e s s  t i m e  than 0.8 second (0.8 duty cycle)  
o r  does not switch during a duty cycle ,  power i s  removed from counter A 
and appl ied  t o  counter B. 

Operation of t he  last  s tage of counter A 

DATA 

Erroneous readings were displayed by 60 o f  t h e  150 one-sample-per- 
second analog inputs  f o r  most of  a 2-minute period s t a r t i n g  a t  
191:40:39.485. 
p r i o r  t o  t h e  problem. 
represent ing  an input  s igna l  range from zero t o  +5 vo l t s .  Improper read- 
ings were ind ica ted  on 4 of t he  10  m a t r i x  column commands (MA 12, 13, 16,  
and 17) and on all 15 row commands (YA 29, through 43) as shown i n  f ig-  
u r e  4b. Except f o r  row commands MA 29, 34, and 39, t h e  improper values 
were i d e n t i c a l  within 21 b i t  f o r  each row comand l i n e .  The improper 
values  were i d e n t i c a l  with individual  inputs grounded, open-circuited, 
o r  connected t o  a measurement. 

Figure 4a shows t h e  measurement values t h a t  ex is ted  j u s t  
The values range from a d i g i t a l  count o f 1  t o  254 

\ 
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Row commands 

Column commands 
I MAlO I MA11 I MA12 I MA13 I A2414 I AUl5 I MAlo 1 hlA17 I MA18 MA19 1 

I 1 I 1 I I I 1 I I I 
fa) - Correct readings 

Row commands 

I MA39 1 66 I 17 ml 
MA42 

MA43 

MA16 MA17 

77 77 
9 

13 13 

(b) - Incorrect readings 

Figure 4. - Data befor and during anomalous period. 

Note 
g = grounded inputs 
o = open circuit inputs 
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Five subsidiary g l i tches  occurred during the  2-minute period. The 

second and f i f t h  of these had at tendant  frame count e r ro r s  and the  f i f t h  
had two gaps i q  t h e  reduced data. 

The first subsidiary g l i t c h  began 18 seconds i n t o  the  problem ar.d 
l a s t e d  u n t i l  t h e  next programer-counter r e s e t  pulse zeroed all of the  
channels, During t h i s  g l i t c h ,  a l l  measurements during colun? commends 
MA 12  through MA 19  were improper. Values f o r  MA 1 2  were iden t i ca l  t o  
t h e  MA 12  values given i n  f igure 4b and values f o r  MA 13  through 19 were 
i d e n t i c a l  with t h e  MA13 values given i n  f igure  4b. A f t e r  t he  p r o g r m e r  
counter was reset ,  t h e  improper data  pa t te rn  shown i n  f igure  4b returned. 

The second subsidiary g l i t c h  s t a r t e d  23 seconds in to  t h e  2-minute 
problem period and again ended when t h e  subsequent r e se t  pulse was gener- 
a t ed  by t h e  programmer counter. 

The da ta  f o r  each of  t h e  t e n  column commands w a s  as follows: 

a. MA 1 0  - good data ,  same as f igure  4a 
b. MA 11 - good da ta ,  same as f igu re  4a 
C. MA 1 2  - bad data ,  same as f igure  4b 
d. MA 13 - bad data ,  same as f igure  4b 

e. MA 1 4  - bad data ,  same as MA 13,  f igure  4b 

f. MA 15 - bad da ta ,  same as MA 13, f igure  4b 

g. 

h. 

MA 16  - good data  f o r  MA 1 4 ,  f igure  ha (columns interchanged) 

MA 17 - good data  for  MA 1 5 ,  f igure  4 s  (columns interchanged) 

i. 

j. 

MA 18 - bad da ta  f o r  MA 16 ,  f i gu re  4b 

MA 19 - bad data  fo r  MA 17,  f igure  4b. 

I n  addi t ion,  t h e  prime-frame counter r e s e t  t o  zero at the  t i m e  it 
should have increased from 4 1  t o  42. 
ure 4b pa t t e rn  af ter  t h i s  subsidiary g l i t c h  cleared. 

The data  again returned t o  the  f ig-  

The t h i r d  subsidiary g l i t c h  s t a r t e d  42 seconds i n t o  t h e  problem and 
w a s  i den t i ca l  t o  t h e  second, except t he re  were no frame-count e r ro r s .  

The four th  subsidiary g l i t c h  began i10 seconds i n t o  t h e  problem 
and d i f f e r s  from t h e  preceding subsidiary g l i t ches  i n  t h a t  t he  problem 
appears t o  try t o  c lear .  The f i r s t  th ree  channels sampled i n  column MA 12  
( t h a t  i s ,  rows MA 29, 34, and 39) were iden t i ca l  t o  the  values shown i n  
f igu re  4b. 
i n  f igure  4a. 
readings as shown i n  f igu re  4b. 
t h e  f igu re  4b data  pa t t e rn  again returned. 

The remainder o f  MA 1 2  and al l  of MA 1 3  were normal as shown 
The columns MA 16 and 1 7  rever ted back t o  the  improper 

After the  programmer counter w a s  reset, 

. 
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The l a s t  subsidiary g l i t c h  s t a r t e d  a t  113 seconds i n t o  t h e  problem - and lasted f o r  about four  seconds. The first two duty cycles (a t  113 and 
1 1 4  seconds) of data were i d e n t i c a l  t o  the  improper data  pa t te rn  shown i n  
figure bl2 except t h a t  MA 18  rind 19  data were iden t i ca l  t o  the  improper 
MA17 values  i n  f i g u r e  4b. 
occurred as shown i n  t h e  following table .  From the  start of the  115th 
second t o  t h e  end of  t h e  mission, t h e  bad da ta  as shown i n  f igure  4b 
never recurred. 

Frame-count e r r o r s  and gaps i n  reduced da ta  

Time Frame counter - 
l l 5  seconds 1 

Frame da ta  

normal da t a  

2 normal da ta  

3 normal data  

40-millisecond gap i n  reduced data 

1 frame 2 data  

2 t o  45 frame 4 t o  47 data  

116 seconds 20-millisecond gap i n  reduced da ta  

2 t o  50 frame 2 t o  50 data 

The f a i l u r e  de tec t ion  c i r c u i t  must have commanded switchover t o  re- 
dundant counter B at t h e  end of t h e  114th second of  data. The switchover 
occurred during t h e  40-millisecond gap and the  frame counter w a s  r e se t  t o  
zero by removing power from counter A. 
counter B properly came on i n  s t a t e s  corresponding t o  frame 1. 
s t a t i o n  then  locked up one frame later.  
skipped from frame 2 (da t a )  t o  frame 4 (da t a ) .  
occur is f o r  counter f l i p - f lop  17 t o  receive an e x t r a  pulse.  The spurious 
pulse  could have r e su l t ed  from t h e  power-up t r a n s i e n t s  t h a t  commonly occur 
at counter  switchover. 

A t  t h i s  time, the  f l i p  f lops i n  
The ground 

The measurement sequencing then 
The only way t h i s  could 

A t  t h e  end of t h e  115th second, which occurred a t  the  end of  frame 
count 45, t h e  normal counter-reset pulse reset the  programmer and frame 
counters.  
duction system l o s t  synchronization f o r  one prime frame of  20 mill iseconds.  
Thereaf te r ,  no fu r the r  problems occurred. 

Since t h e  frame count skipped from 45 t o  1, t h e  ground data re- 

a 

L 
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DISCUSS I:iN 

The telemetry system operated properly on both programmer counters 
during pos t f l i gh t  testing.,  ( t he  ground support equipment can s e l e c t  op- 
e ra t ion  of e i t h e r  counter A or  B. 

The erroneous readings occurred during a l l  1-sample-2er-second sub- 
multiplexer row commands and during only 4 of  the  1 0  column commands. 
Since t h e  row commands a r e  a l so  used i n  the  10-sample-per-second sub- 
multiplexer where operation was proper, t he  row commands must have been 
proper. . second sub-multiplexer, consequently, t h e  problem must have been caused 
by improper column commands. 

The c o l ~ ~  commands, h v e v e r ,  a r e  used only i n  the  1-sample-per- 

The 10  column comands , MA 10  through 1 9  ( f i g .  5 )  , are derived from 
10 p a i r s  of  s igna l  inputs.  
f l o p s  1 0  through 19  i s  the  f irst  input of a l l  t e n  pa i r s .  Ten unique 5- 
frame group s igna ls  derived from counter f l ip - f lops  20 through 23 are the  
second inputs  t o  the  1 0  pa i r s .  Comands using outputs derived from f l i p -  
flops 10 through 19  are also used t o  control  other p a r t s  of the  system 
which operated properly. Since f l ip-f lops 20 through 23 a re  only used t o  
generate column commands PA 1 0  through 19, t he  problem must have been 
confined t o  f l ip-f lops 20 through 23, o r  t h e i r  associated output c i r cu i t s .  

A common s igna l  derived from counter f l i p -  

Figure 6 is a timing diagram for  f l ip-f lops 20 through 23 and the  
5 frame group s igna ls .  
23 transfers, t h e  d i f f e r e n t i a t o r  feed-back r e s e t s  f l ip-f lops 21 and 22 
as shown i n  t h e  t iming diagram ( f i g .  6 ) .  

A t  0.8 second i n t o  the  duty cycle,  when f l ip - f lop  

During m o s t  o f  t h e  anomalous 2-minute period, the improper measure- 
ment values d id  not change. This could only occur i f  a hard f a i l u r e ,  such 
as a shorted component o r  an open c i r c u i t  ex is ted  f o r  t h i s  period. The 
subsidiary changes o r  g l i t ches  t h a t  did occur could then have been caused 
by t h e  fault becoming in te rmi t ten t .  
do not correspond t o  any proper value i n  the  same row of f igure  ha, two 
or  more of t he  column commands must have occurred simultaneously t o  cause 
erroneous values t o  be outputed from t h e  1-sample-per-second analog matrix. 

Since some of the  values i n  f igu re  4b 

The pr ine  frame counter was r e s e t  a f t e r  prime frame 4 1  ( r a t h e r  than 
after prime frame 50, indicat ing a r e s e t  a t  about 0.82 second) during t h e  
second subsidiary g l i t ch .  Since the  prime-frame counter is  rese t  by f l i p -  
f l o p  23, and t h e  frame counter w a s  r e s e t  after prime frame 41, f l ip-f lop 
23 must have switched a t  0.82 second. Since f l ip-f lops 20 through 23 
should not be swi tch ing .a t  0.82 second ( f i g .  6b) ,  t he  problem must have 
been i n  t h e  last  four  s tages  of programmer counter A. 

. 
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Reset 

i Truth table Signal 
flip flops high for 
20,21, flame Column 
22,23 group commands -- - 

MA10 

MA11 

MA12 

001- 16-20 
MA13 

I. 

MA14 

MA15 

MA16 

MA17 

1--0 41-45 
MA18 

Section of 
programmer- 
counter A I t  

active counter shown) 
(Only inputs from 0--0 46-50 

MA19 

Differentiator 

Common input 

Figure 5. - One sample-per second column command generation. 
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I 1 
I 1 

I I 
J 1 

I 1 

Programmer 
counter 
reset 
pu I se 

Frames 4 6  to 50 

Frames 4 1  to 45 

Frames 35 to 40  

Frames 3 1  to 35 

Frames 26 to 30 

Frames 2 1  to $5 

Frames 16 to 20 

Frames 11 to 15 

Frames 6 to 10 

Frames 1 to 5 

1 I I I I I I I I I I J 
0 0.1.0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 . 

Time from start of duty cycle, seconds 

F l i p  flop 23 "1" 

F l i p  flop 22 "1" 

F l i p  flop 2 1  "1" 

F l i p  flop 20  "1" 

. Figure 6. - Timing diagram for normal operation. 



CONCLUSIONS 

A f a i l u r e  occurred sanewhere i n  the l a s t  four s tages  of  programmer 
counter A. 
switchover would not have occurred, and t h e  a f fec ted  measurements would 
have been permanently l o s t .  

If t h e  f a i l u r e  had not become in te rmi t ten t ,  automatic counter 

CORRECTIVE ACTIO11 

a '  A c i r c u i t  i s  h i r ed  t o  a pin on t h e  telemetry package ground support 
equipnent i n t e r f ace  connector which allows the  ground support equipment 
t o  manually command progrmer-counter  switchover during ground tes t  by 
grounding t h a t  pin. 
and t h e  Apollo Soyuz Test Program spacecraft .  
an i n t e r n a l  jumper t h a t  grounds t h e  proper pin so t h a t  t he  crew can ini-  
t i a t e  t h e  desired programmer counter switchover. 

I 

& A mating connector will be car r ied  i n  t h e  Skylab 
The connector w i l l  have 

NASA-JSC 


